The field of topological electronic materials has seen rapid growth in recent years (1, 2), in particular with the increasing number of weakly interacting systems predicted and observed to host topologically non-trivial bands (3-5). Given the broad appearance of topology in such systems, it is expected that correlated electronic systems should also be capable of hosting topologically non-trivial states (6). Interest in correlated platforms is heightened by the prospect that collective behavior therein may give rise to new types of topological states and phenomena not possible in non-interacting systems (7). However, to date only a limited number of correlated topological materials have been definitively reported due to both the complexity in calculation of their electronic properties and the experimental challenge of disentangling underlying correlation effects from topological aspects of their electronic structure. Here, we report a de Haas-van Alphen (dHvA) study of the recently discovered kagome metal Fe3Sn2 mapping the massive Dirac states strongly coupled to the intrinsic ferromagnetic order. We observe a pair of quasi-two-dimensional Fermi surfaces arising from the massive Dirac states previously detected by spectroscopic probes (8, 9) and show that these band areas and effective masses are systematically modulated by the rotation of the ferromagnetic moment. Combined with measurements of Berry curvature induced Hall conductivity, we find that along with the Dirac fermion mass, velocity, and energy are suppressed with rotation of the moment towards the kagome plane.
exotic phases such as interaction-driven ferromagnetism (22) and chiral superconductivity (23) .
In reciprocal space, the two Dirac band touching points on the kagome lattice are positioned at the K and K' points at the Brillouin zone boundary, identical to the case for the graphene lattice and likewise are protected by crystallographic symmetries (19) . Compared to the graphene lattice, the nearest neighbor bonds in the kagome lattice are not contained in mirror planes perpendicular to the basal lattice and can therefore experience an electric field orthogonal to the nearest neighbor bonds (24) , introducing explicitly spin-orbit effects into the band structure and pathways to topologically nontrivial electronic bands (25) .
In terms of material realizations, a number of recent efforts have focused on metallic kagome lattice materials that potentially connect to the electronic hopping behavior expected for the 2D lattice. In particular, the kagome lattice has been realized in a series of hexagonal 3d transition metal stannides and germannides (26, 27) . The basic building blocks consist of a transition metal kagome layer T3(Ge,Sn) with Sn/Ge at the hexagon center, together with a stanene layer (Ge,Sn)2 (see Fig. 1a ), forming compounds with chemical formula [T3(Ge,Sn)]x[(Ge,Sn)2]y.
Two representative materials, Mn3Sn (x = 1, y = 0) (15) and Fe3Sn2 (x = 2, y = 1) (8) have recently been identified as hosts to 3D Weyl fermions and quasi-2D massive Dirac fermions, respectively, suggesting the dimensionality of electronic topology is sensitive to the crystallographic arrangement of the basic building blocks, attributed to covalent and metallic bonding of the stanene and kagome layers, respectively (28) . Moreover, the use of the 3d transition elements allows the introduction of magnetism; in the case of Fe3Sn2 this is a soft ferromagnetic order (29) which along with atomic spin-orbit coupling gives rise to substantial intrinsic anomalous Hall conductivity from the massive Dirac bands extending above room temperature (8) . Given the softness of this magnetic order, a natural question which arises is how a general positioning of the magnetic moment ""⃗ affects the electronic structure and topology of this system. Here we report a torque magnetometry study that captures the evolution of the quasi-2D Dirac bands via the de Haas-van Alphen effect (dHvA) while at the same time monitoring changes in the magnetic order. These observations together demonstrate a systematic development of the massive Dirac states consistent with a Kane-Mele spin-orbit coupling (30) with a relativistic energy shift comparable to those observed in elemental ferromagnets (31) . ) similar to the inner (outer) Dirac cone areas observed in angle resolved photoemission spectroscopy (ARPES) at K and K' (8) . We therefore identify these α bands as the quasi-2D massive Dirac bands derived from the Fe kagome network with wave functions primarily confined to the plane. In contrast, the β and γ groups are free from divergences and instead follow angular dependencies suggestive of three dimensional, closed
Fermi sheets, which we identify with the kz-dispersive bands previously reported (8) .
We examine the α bands in more detail in Fig. 2(b) . For an ideal 2D Fermi surface, an evolution ( ) = . /cos is expected. This dependence is shown as a dashed line in Fig. 2 (b)-we find that the evolution of both of α bands increase more rapidly than this dependence. A deviation of this type is observed in systems with local hyperboloid geometries as depicted in Fig. 2(c) (10, 33) . However, this is at odds with the lack of kz dispersion in ARPES (8) . Moreover, a sinusoidal C warping accommodating such a geometry is unable to capture the observed ( ) and moreover predicts counterpart extremal frequencies and Yamaji angles (41 o and 69 o ) which are absent (34) (see supplementary materials). Interestingly, similar apparently contradictory dHvA spectra were previously observed in elemental ferromagnets (10, 11, 13) , where it was eventually realized for Ni (12) that this could be resolved by considering that spin-orbit coupling would introduce a shift of the energy of the elliptical Fermi pockets up to 50 meV depending on the magnetization direction. Applying such a scenario to the present case of a quasi-2D surface is shown in Fig. 2(d) , where H plays a dual role setting the direction of magnetization and the plane for cyclotron motion, introducing a faster than 1/cos development. As we describe below, this ) ( h = 30 T), we find the α1 oscillation has effective mass of (0.59 ± 0.04) me while the α2 pocket has a mass of (2.5 ± 0.3) me.
Extending this analysis across the dHvA spectrum (see supplementary materials), we plot the observed effective masses versus f in Fig. 3(b) . We see a monotonic increase of * with , but interestingly the ratio * / for α1 is weakly dependent on θ (see Fig. 3 (b) inset). As rigid ellipsoidal (33), hyperboloid (10), or quasi-2D pockets (37) would have a constant ratio, this further suggests the use of a model with a Fermi surface that itself evolves with θ. Based on previous observations of the double massive Dirac spectrum in this system (see schematic in Fig.   3(a) ), we analyze the dHvA spectrum with a massive Dirac model. We note that the outer Dirac pocket has been observed to have substantial warping near the Fermi level EF (illustrated in the inset in Fig. 3(a) and observed with the rapidly growing * ( ) shown in Fig. 3(c) inset) ; we focus the model on the inner Dirac pocket and approximate the outer Dirac pocket as a copy of this band shifted by the observed Δ = 110 meV (8) . In analogy to the spin-orbit models of Ni (12) Fig. 3(c) ) as
where Δ, 2 and ] are dependent band parameters (cos is the geometric factor associated with the tilted magnetic field). In the Δ → 0 limit, such models have been previously applied to graphene to successfully describe the disappearing cyclotron mass at charge neutrality (38, 39) .
Assuming a Kane-Mele spin-orbit coupling with massive Dirac fermions (30), the intrinsic anomalous Hall conductivity per kagome bilayer provides a further constraint to these parameters
Here t is the thickness of a structural unit that contains a single kagome bilayer. The room temperature z{ | ( Fig. 3(d) ) is dominated by the Berry-curvature induced response (8); we use this along with and * to quantify the three independent band parameters within this simplified model.
We show the directly calculated Δ, 2 , and 2 in Fig. 3 Fig. 2(b) , Fig. 3(b,c,d) ); while the outer Dirac surface is beyond our model, we find that a simple scaling of f from the inner Dirac surface by a factor of 4.9 approximately captures its angular evolution (see Fig. 2(b) ). We note that for Finally, we return to the overall magnetic torque behavior with H. In Fig. 4(a) we show the low field torque response for different θ measured up to 9 T in a superconducting magnet at T = 3 K. Similar to the response to high field pulses, for small θ a sharp kink appears followed by a gradual decay, which evolves to a broader shoulder at larger θ. Despite the apparent qualitative distinction in the torque profiles at small and large θ, all the corresponding / curves (Fig. 4(a) inset) behave similarly, showing an initial sharp growth consistent with the soft ferromagnetic nature (29) followed by a long tail as a function of field in various angles following primarily ( . ) 9: . The latter corresponds to constant expected when when ""⃗ is effectively saturated along (40). This trend is clearer when extended to high field: Fig. 4(b) shows / up to 60 T,
showing that it is a good approximation that the moment direction is fixed to the applied field (with deviation less than < 0.1º or 0.01 Y /f.u.) above 20 T, thus decoupling the evolution of ""⃗ along with the band structure at low fields from the high field regime in which the dHvA oscillations are observed. Quantitatively, from the angular dependence of the torque a moderate easy-plane anisotropy can be inferred (see supplementary materials), similar to previous reports in which shape anisotropy plays an important role (41) . Further study of the interplay of bulk, surface, and shape anisotropies with the electronic structure of this system is an important area for future work;
as the Dirac mass itself can influence magnetic order in similar systems (42, 43) , an exciting prospect is that the Dirac fermions themselves along with spin-orbit coupling play a role in determining evolution of the magnetic order.
The dHvA results presented here are a thermodynamic probe of the ground state of the correlated, topological bands of Fe3Sn2. The magnetoquantum oscillations confirm the bulk nature of the quasi-2D massive Dirac bands arising from the kagome network previously observed spectroscopically (8) and provide guidance for theoretical models of this system. Viewed more broadly, the results here demonstrate how topological electronic bands can be wed with the robust ferromagnetism in correlated electron systems. Given the widespread use of 3d ferromagnets in spintronics, this provides the exciting prospect that topologically non-trivial analogs of the workhorse materials for spintronics may be developed, allowing direct integration of topological electronic states in to such architectures (44) . The development of such materials where the charge, spin and heat transport properties are dominated by the topological bands and controllable with spintronic techniques will be an important direction in realizing the promise of topological electronic states to impact the next generation of electronic devices.
Methods

Crystal growth and characterization
Single crystals were grown with an I2 catalyzed reaction starting from Fe and Sn powders.
Details of the crystal growth are described in (8) .
High Magnetic Field Measurements
Piezo torque magnetometry measurements were performed in the National High Magnetic In both experiments we used a balanced Wheatstone bridge between the piezoresistive pathways with and without the sample to eliminate contributions from the temperature and magnetic field dependence of the piezoresistor to the torque signal (46) . Crystals were mounted with c axis perpendicular to the cantilever plane and piezo cantilever arm perpendicular ( : rotation) or parallel ( J rotation) to the hexagonal edge. We converted the measured voltage signal to magnetic torque using the following conversion = Δ /(5.2 × 10 ‰ . ) N ⋅ m suggested in Ref. (46) . Here Δ refers to the voltage difference between the two bridge points, and . stands for the excitation voltage to the bridge circuit.
Capacitive Torque measurements
Low field torque measurements were performed in a commercial superconducting magnet using 10-25 µm Cu:Be foil and signal was acquired with Andeen-Hagerling 2500 AC capacitance bridge. The crystal was attached to the cantilever foil with H20E silver epoxy to prevent detachment in the magnetic field. A typical value of the zero field capacitance is 0.68 pF at T = 3 K in the 4 He atmosphere.
Electrical Transport measurements
The 
